I. Introduction
In several recent studies, asymptotic methods have been used successfully for the derivation of r a t anal approximations which describe the interaction of a turbulent boundary layer and a weak, stationary, normal shock wave. It appears that correct limiting forms of the equations Lan be determined, that numerical or analytical solutions to these equations are obtained easily enough to be of practica,l interest, and that numerical accuracy may be adequate for important parameter ranges. L.1 the limiting case to be considered here, still for an unseparated boundary layer, the shock wave extends close to the wall, the upsbream influence is small, and analytical solutions can be obtained for most of the flow field.
Pressure distributions are derived in P a r t I; the wall shear s t r e s s and the possibility of predicting separation will be discussed in Part II.
h m a n y transonic flows of interest, there occurs a shock wave which, in an inviscid.t£low approximation, is normal to a solid boundary, at values of the Reynolds number large enough that the boundary layer along the wall is fully turbulent. Since the strength of the shock wave must decrease to zero in the supersonic part of the boundary layer, there can be no discontinuity in the pressure at the wall. f t is observed that the shock wave becomes slightly curved and is displaced slightly in the upstream direction. A s the Mach number upsjrearn is increased, still below the value required for saparation, the shock wave extends further into tho boundary layer; experimental results [I, 21 show an initially rapid rise
Undisturbed Velocity Profile
Nondimensional rectangular coordinates X and Y a r e measured along and normal to the wall, respectively, with Y = 0 at the w a l l and X = 0 a t s o m e point on the shock wave, e. g., at the intersection of the shock wave with the edge of the boundary layer as defined below. The reference length is a geometric length such as the length of the boundary layer from a leading edge up to the sirock wave. The nondimensional mean-velocity components U and V, refer:.-ed te the critical sound speed in the external flow,
are in the X and Y directicns respect'ively, and the t e r m p V1 /p has been -included i n V. Here primes denote fluctuations about the mean, and p Vl denotes an average value. The nondimensional mean pressure P, density p , temperature T, and viscosity coefficient p a r e referred to the critical values of pressure, density, and temperature, and the corresponding viscosity coefficient, in the flow just outside the boundary layer and ahead of the shock wave. The sum of the nondimensional Reynolds stress and viscous stress,. in the boundary-layer approximation, is denoted by r, and has been m a d e nondimensional with twice the dynamic pressure, irr terms of the same reference quantities. For later convenience the friction velocity uT is m a d e nondimensional using the external-flow density:
where the subscripts e and w indicate values in the external flow and at h wall, respectively, and cf is the undisturbed value of the skin friction coefficient, referred as usual to the dynamic pressure in the external flow.
The nondimensional difference between the fluid velocity and the critical sound speed in the external flow is E , and in the present case u << r << 1 .
f For simplicity, an adiabatic wall is assumed and the total enthalpy is taken to be uniform. The ratio of specific heats is y and is constant.
As in references cited above, it is assumed that the undisturbed boundary layer cac be clescribed asymptotically in terms of a velocity-defect layer and a wall layer. The defect layer occupies most of the boundary layer, and its t h i c h e s s is taken equal to a boundary-layer thickness 6 .
The velocity differs from the external-flow velocity by an amount of order The form of the profile is shown in F i g . 1 for uT << E CC 1. Equations (2.4) and (2.5) are [13] , respectively, the of the wakett and the "law of the wall,'' written here for a compressible boundary layer, and are taken to be asymptotic repreeentationa valid as uT -. 0, with y and ; held fixed respectively. Throughout most of the analysis also a * 0 such that uT/ /r 0. In the wall layer the Reynolds tress and the viscous stress As uT -r 0 , the orders of magnitude of the m e a n pressure gradient and fluid acceleration near the shock wave are larger than in tho undisturbed boundary layer. The Reynoldsrstress transport equations can be used to
show that i n most of the boundary layer the contributions to the m e a n forces resulting from changes in tk;e turbulent stresses are sufficiently small, in comparison with the pressure and inertia terms, that they m a y be neglected as q 4 0, not only in a first ahproximation but also in the calculation of some higher-order terms* Correct asymptotic representations of the m e a n velocity and pressure perturbations can therefore be derived using inviscidflow equations. Also, as noted at the end of this section, displacement effects resulting from flow changes very close to the wall are ext'remely small, and so the largest terms in the solution for V should approach zero as the distance from the wall decreases.
In the equations which follow, all laminar and turbulent stresses are 
It is also required that 9 (x, 0 ) = + Z y (~, 0 ) = 0 and that all disturbances For a constant value of y such that y >> 1, P initially decreases as x increases from zero, reaches a minimum at x = y, and then increases again. sponding to E = 0.247, and Re = 9.6 x 10 , based on distance to the shock wave. Eqns. ( 2 . 9 ) , (2.11) and (2.14) are used for approximate evaluation of other parametera. One m a r e experimental value is needed; 6 * is chosen since it is easil; read from the measured velocity profile and since only In 6 * enters the equations, so that an error has small eTfects an other quan* closer to tllc wall, and the size of the region in Fig. 3 arc the terms which would be present it We effects of the shock wave werc ignored [29] . T e r m s proportional to K contain the local curvature effcct, and terllls proportional to 11 6/R contain the local boun- An essential feature of the asymptotic flow description in terms of uT and E is the two-layer structure of the undisturbed profile, expressed by the law of the wake and the law of the wall. It is this property which permits the calculation of interaction pressures without knowledge of changes in shear stresses close to the wall. In other studies /31, 323 which were not based on use of this profile, derivation of a sublayer solution was necessary before the calculation of the pressure could be completed; these studies also introduced a linearized formulation for the main part of the boundary layer.
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